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LATERAT.-CONTROL INVESTIGATION OF FLAP-TYPE CONTROLS ON A
WING WITH QUARTER-CHORD LINE SWEPT BACK 45°, ASPECT

RATIO L, TAPER RATIO 0.6, AND NACA 65A006 ATRFOIL, SECTION

TRANSONIC-BUMP METHOD

By Raymond D. Vogler
" SUMMARY

As part of an RACA research program, an Investigation by the
transonic—bump method through & Mech range of 0.6 to 1.2 has been made
In the Iangley high—speed T— by 10-foot tumnel to determine the lateral
control characterlstics of 30—percent—chord flap—type controls of
various spans. The wing of the semlspan fuselage—wing carmbination
had 45° of sweepback of the guarter-chord line, a taper ratio of 0.6,
an agpect ratio of 4.0, and an NACA 65A006 airfoll section parallel to
the free air stream.

Rolling and piitching maments and 1lift were cbtained through a
gmall range of control deflsctlons. The maJority of the data are
presented as control-effecilveness perameters to show thelr variation
with Mach number. In the Mach number reglon of 0.85 to 1.0, the .
results showed a declded decrease in the 1ift— and rollling—effectivensss
parameters and a relatively emaller decrease Iln the negative valusg of
the pitching—effectiveness parameters.

INTRODUCTION

The urgent need for aerodynamic date in the transonic speed range
and the paucity thereof have led to the establislment of an integrated
program for transonic research. As part .of the NACA transomlc research
program, & serles of wing—fuselage configurations having wing plan
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form as the chief variable are belng investlgated in the Lengley high—
gpeed T— by 10—foot tunnel by using the transanic-bump test method.

This paper presents the results of a lateral—control investigatiom
of a semispan w:mg—fuselage model anrploy:Lng a wing with the quarter—
chord line swept back 45°, an aspect ratio of 4, a taper ratio of 0.6,
and an NACA 65A006 airfoil section. The purpose of this investigation
was ‘to obtaln lateral—control data with flap-type comtrols of 30—percent
chord and various spans. The results of a previous Investigation of
the same wilng fuselage wlthout comtrols, glving additlonal aerodynamic
data, may be found in reference 1.

MODEL AKD APPARATUS

The semispan wing had U5° of sweepback at the quarter-chord line,
a taper ratioc of 0.6, an aspect ratlio of 4.0, and an NACA 654006
airfoil section (reference 2) parallel to the free air stream (fig. 1).
The wing was made of beryllium copper and the fuselage was made of
braes wlith all surfaces polished. The wing was mounted in the center . -
of the fuselage vertically and had no dihedral cr Iincidence. The
fuselage, whith was semicircular In cross section and in conformity

with the ord.imtes of figure 2, was bent to the contour of the bump. -

For the purpose of determining the effect of fuselage shape on comtrol
characteristice, a few tests were made with the wing mounted on a
cylindrical body with an oglve nose In anticipatlion of such a furelage
being used in free-flight tests of the wing. The drawing and the
ordinates of the cylindricel body and the location of the querter chaxd
of the mean aerodypsmic chord are also given in flgure 2.

The controls (allercon ar flap) were made integral with the wing by d
cutting grooves 0.03~inch wide along the TO-percent—chord line on the -
upper and lower surfaces of the wing (fig. 3). After sebting the con—
trol at the desired deflection by bending the metel slong the grooves,
the grooves were filled with wax, thus giving a close approach to a
30-percent—chord sealed plain flap—type control surfece. The entire
control fran fuselage surface to wing tip was divided into four equal
spanwise segments. (See fig. 3.}

The model wap mounted on an electrical strain—gage balance wired
to calibrated galvanameters Iin order to measure the asrodynamic forces
and maments. The balance was mounted in a chamber wlthin the bump,
and the chamber was sealed except for a asmall rectangular hols through ,
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which an extenslon of the wing passed. .This hole was covered by the
fuselage end plate which was approximately 0.03 inch above the bump

surface.

COEFFICIENTS AND SYMBOLS .

Twice 1ift of semi od
14£% coefflcient ( i ; fpen o el)
g

rolling-mament coefflclent at plane of symmetry

(Rolling mament of semispan mod.el)
qSb

rolling-—mament coefflclent produced by the control
(rolling—-mament coefflcient with control deflected
minus rolling-mament coefficient without deflection)

Twice pltching moment of semispan model
.asSe

pltching-mement coefflclent referred o 0.256‘

effective dynamic pressure over span of model, pounds

per square foot (-;‘-pva)

twice wing area of gemispan model, 0.125 square foot

twice span of semispan model, 0.7T0T foot

mean aerodynamic chord of wing, 0.180 foot

/2
[
0

miro

locel wing chord, feet

-gpanwise distance fram plane of symmetry

spanwise distance fram plane of symmetry to inboerd
end. of control
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o] megs denaity of eir, slugs per cublc foobt
v free—streem alr veiocity, feet per second
M effective Mach number over span of model
M, average chordwilse local Mach number

My local Mach number

R | Reynolds number of wing based on €

e angle of attack, degrees

o] control deflsction relative to wlng—chord plane,
measured perpendlcular to control hinge axis
(positive when trailing edge 1s down), degrees

control span measured perpendicular to plame of

symmetry :
fam N ~
¢ = .ia_/é |
Ls 9% ‘f7.-
Cig = (gzl- \, The aubscript o Iindicates the factor
% g 4 neld comstant. :
Cm
Cmﬁ -( B )CL
v

CORRECTIONS

The rollingm—effectlivensss paremeters prosented herein represent
the aerodynamic effects cn & camplete wing produced by the deflsction
of the control on only one semispan of the camplets wing. Reflection—
plane corrections have been applied to the data throughout the Mach
range tested. The correction factors which were applied to the param-—
oters are given in figure 4. The values of the correction factors
glven in figure & were obtained fram unpublished experimental low—spred
data and thearetical conslderations. Although the correctlions wers
based on low—spesd conslderations and sre valid for the low Mach numbsrs
only, it was belisved that the rssults cobtained by applying the
corrections would give a betier repressntation of true conditioms than
uncorrectod data.
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The 1ift— and pitchling-effectiveness parameters represent the
aerodynamic effects of deflection in the same dlrection of the controls
on both semispans of the camplete wing, and hence no reflection—plane
carrectlions are necessary for the 11ft and pliching-moment data.

No corrections were applied far any twlstling or deflectlion of ths
wing caused by the air load. These effects were belleved to be small,
however. ' :

TEST TECENIQUE

The tests were made in the ILangley high-speed T— by LO0-foot
tunnel using an adaptetion of the NACA wlng—-flow technigue far
obtaining transonic speeds. The techniqus used involves placing the
model in the high-veloclty flow field generated over the curved surface
of & bump on the tunnel f£loor (reference 3). Typical contours of
local Mach mumber in the vicinity of the model locatlon on the bump
wlth model removed are shown in figure 5. The conbours indicate that
there is a Mach number varlation of about 0.0} over the wing semlspan
at low Mach numbers and about 0.07 at high Mach numbers. The chord—
wlse Mach number varlation 1ls generaily less than 0.0l. The effective
Mach number over the wing semlispan l1ls estimeted to be 0.02 higher thah
the effective Mach number where S0-percent—span outboerd allerons
normally would be located. No attempt has heen made to evaluate the
effects of this chordwlse and spanwise Mach number varletliom. Ths
long-dash lines near the root of the wing in figure 5 ilndicate a
local Mach number 5 percent below the maximm value and represent the
estimated extent of the bump boundary layer. The effective test Mach
number was oObtained from combtour charts simllar to those presented in
figure 5 by using the relatlonshlp

b/2
[T s
0

The va¥iatlon of the mean test Reynolds nmumber wlth Mach number
is shown 1n figure 6. The boundaries on the figure are en indication
of the probable range In Reynolds number caused by varlatlioms In test
conditions during the course of the investigation.

M=

YIS

Force and mament data were obtained wlth comtrols of various
spans through a Mach number range of 0.60 to 1.20, an angle-of-attack
range of to 6°, and & control-deflectian range of 0° to 10°, plus
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same data on the 43-percent—span ocutboexrd comtrol up to a deflection
of 30°. Same additional tests were made wlth the cylindrical body
in place of the transonic-research fuselage.

EESULTS ARD DISCUSSION

The data presented were obtained using the wing-fuselage
cambination except in figure 15 where the cylindrical body 1s usmed.
In figures T, 8, and 9 are curves of lift, rolling—, and pitching-
mament coefficients plotted againet comtrol deflectiaon up to 30° for
the outboerd 43~percent—spen control at a wing angle of attack of 2°.
In all other configurations the maxdmum control deflectian was 10°.
Inasmuch as the wing was symmetrical, date obtained at negative anglss
,of attack and positive control deflections were considered, with
appropriate regerd to signs, to be equivalent to data that would be
cbtained at positlve angles of attack and negative canbrol deflectioms
and were plotted as such. The curves of figures T to 9 are typical
of the curves of each of the other control configuretions tested.

Control—-effectlvensess parameters.— The comntrol-effectivensss -

paremeters presented in figures 10 to 12 were cobtalned fram figures 7T
to 9 and similar plots of the test date far ths verious control
configurations. The control effectiveness far all configuretions had
a linear varilation with conbrol deflecticn for the deflection range
of 100, and 1t was within this range that the slopes were measured.

A marked decreage in rolling and 1ift effectliveness occurs
between Mach numbers of 0.85 and 1.0, and a2 relatively smaller decrease
in the negetive values of the pliching-effectiveness parameter occurs
in the same Mach number regiom (figs. 10 to 12).

The effectiveness of controls of various spans starting at the tip
(fig. 13) indicates that the cutboard 2l-percent—span control gives
very low rolling effectiveness. Although there are considerable
differences In rolling effectliveness for a given span comtrol with
increasing Mach number, the genersl shape of the curves remalns the
seme. This would 1indicate that the relative effectivensess of a
partial-span cantrol to a full—spen control 1s l1ittle affected by Mach
number. On the other hand, the piltching—effectiveness data (fig. 13)
indicate greater relative loss in sffectiveness at supersonic Mach
numbers for controls near the wilng tip than for controls near the rooct.

A camparison of the values of Cj, Obtained at low Mach numbers

in this investigation with those estimsted by the method of reference 4
shows fair agreement (fig. 14).
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Effect of fuselage shepe.— A campariscn of the rolling-moment

coefficlents resulting from a 5° deflection of both a h3-—percent—span
and 86—percent—span outboard control on the wing with the regular
trensonic-research fuselage and with the cylindrilcal body of figure 2
shows little effect of fuselage shape. (See fig. 15.) A decrease in
effectiveness of the 86—percent—span control cen be noted for angles
of attack fram -4° to —6° when the cylindrical body is used, otherwise
the differences are small and wlthin the experimental accuracy of

the tests.

Langley Asronautical Iebaratory
Natlonal Advisory Camittee far Aeronsutlcs
Langley Air Force Base, Va.
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Figure 1,— General exrangement of model with 45° sweptback wing, aspect ratlio 4, taper ratio 0.6,
and NACA 65A006 airfoil,
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Transonic—research fuselage and end plate
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Figure 2.— Drawlngs and ordinates of the fuselage and cylindrical body.
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